Introduction
We have been continuing the investigation of activation cross-sections of proton, deuteron and alpha-particle induced reactions on palladium metal in connection with production of medically relevant radioisotopes (Ditrói et al., 2007; Hermanne et al., 2002 Hermanne et al., , 2004a Hermanne et al., 2004c; Hermanne et al., 2005; Tárkányi et al., 2009) . Among others, the excitation curves and production capabilities for deuteron induced reactions on nat Pd for the medically relevant 104m,g Ag (PET imaging), 111 Ag and 103 Pd (therapeutic applications) were investigated. The extension of crosssection database for proton induced reactions on palladium up to 80 MeV was recently published (Tárkányi et al., 2016) . As for deuteron induced reactions no datasets above 40 MeV (up to 40
MeV only our earlier results) are available in the literature. So we extended the energy range of the experimental data up to 50 MeV in this work and included a comparison with theoretical calculations using different model codes.
Experiment and data evaluation
For the reaction cross-section determination an activation method based on stacked foil irradiation followed by  -ray spectroscopy was used. The stack irradiated at Louvain la Neuve CYCLONE The activity produced was measured non-destructively using HPGe -ray spectrometers. Five series of -spectra measurements were performed at different sample detector distances and for time intervals 8. 3-10.0 h, 28.2-44.7 h, 173.8.4-243.0 h, 529.7-557.0 and 12667.3-12886 .9 after end of bombardment (EOB), respectively. The evaluation of the -ray spectra was made by both an automatic and an interactive peak fitting code (Székely, 1985) .
Effective beam energy and the energy scale were estimated initially by a stopping calculation (Andersen and Ziegler, 1977) based on the estimated incident energy and target thickness and finally corrected (Tárkányi et al., 1991) on the basis of the excitation functions of the 27 Al(d,x) 22,24 Na monitor reactions (Tárkányi et al., 2001 ) simultaneously re-measured over the whole energy range. For estimation of the uncertainty of the median energy in the target samples and in the monitor foils, the cumulative errors influencing the calculated energy (incident proton energy, thickness of the foils, beam straggling) were taken into account.
The cross-sections were calculated from the well-known activation formula by using a custom developed computer algorithm that was used in many earlier evaluations (Ditrói et al., 2000; Ditrói et al., 2007) . The results are given as production cross-sections, supposing the target is monoisotopic, containing contributions from reactions on the numerous stable Pd isotopes. The decay data were taken from the online database NuDat2 (NuDat, 2014) and the Q-values of the contributing reactions from the Q-value calculator (Pritychenko and Sonzogni, 2003) , both are presented in Table 1 . The beam intensity (the number of the incident particles per unit time) was obtained initially through measuring the charge collected in a short Faraday cup and corrected on the basis of the excitation functions of the monitor reactions compared to the latest version of the IAEA-TECDOC-1211 recommended database (Tárkányi et al., 2001) . The uncertainty on each cross-section was estimated in the standard way (International-Bureau-of-Weights-and-Measures, 1993 ) by taking the square root of the sum in quadrature of all individual linear contributions, supposing equal sensitivities for the different parameters appearing in the formula: determination of the peak areas including statistical errors (1-20%), number of target nuclei including nonuniformity (3%), detector efficiency (5%) and incident particle intensity (7%). The total uncertainty on the cross-section values was evaluated to be approximately 10-20%.
. 
Comparison with nuclear model calculations
Updated versions of ALICE-IPPE (Dityuk et al., 1998) and EMPIRE (Herman et al., 2007) codes were used to analyze the present experimental results. As described in more detail in Ignatyuk, 2010 Ignatyuk, , 2011 Tárkányi et al., 2007) These libraries are based on both default and adjusted parameters in TALYS (1.4) and TALYS (1.6) calculations (Koning and Rochman, 2012) .
Results

Cross-sections
The present experimental data and the theoretical description of the different reaction products are discussed briefly in separate sections. The obtained experimental data are shown in Figures 1-20 and the numerical values are tabulated in Table 2 . (Fig. 1) . The data from the three TENDL libraries significantly underestimate the experiment, while ALICE-D gives the best approximation over the relevant energy range.
Cross-sections for the nat Pd(d,x) 110m Ag reaction
The radionuclide 110 Ag has a short-lived ground-state (T1/2 = 24.5 s) and an excited isomeric state 110m Ag (T1/2 = 249.8 d) that decays by internal transition to 110g Ag (IT = 1.4 %) and by  -decay to stable 110 Cd (98.6 %). We could measure only the production of the long-lived isomer. The agreement with the earlier experimental data is good (Fig. 2) . All theoretical codes overestimate the experimental data below 14 MeV, and behave differently above this energy. (Fig. 4) .
Cross-sections for the nat Pd(d,x) 104 Ag reaction
The radionuclide 104 Ag also has a short-lived ground-state (T1/2 = 69.2 min), and a shorter-lived excited isomeric state (T1/2= 33.5 min) that decays by internal transition (0.07 %) to 104g Ag. In the first sets of spectra used for determination of the cross-sections of 104 Ag, the cooling time was around 9 hours and we could not detect independent gamma-lines from decay of 104m Ag, while the stronger 550 keV common gamma-line gives cross-sections identical to the cross-sections obtained from independent gamma-lines of 104g Ag. Accordingly, the measured cross-sections for 104g Ag are cumulative (m+), in other words the 104m Ag contribution is negligible by the following reason: At the time of spectra measurement the ground-state had decayed for 7-8 half-lives and the metastable state for 16 half-lives resulting in an activity ratio of around 250-300. Furthermore, the low transition rate (0.0007) introduces additional factor of 1/0.0007 =1430 and the ground-state hence contains only a very small contribution of metastable state decay: total factor 1/3.5 10 5 )
The recent theoretical predictions overestimate the experiment (Fig. 5) . The importance of experimental data on code development is clearly seen: the magnitude of the TENDL prediction changed by factor of 5 in the last 7 years.
Cross-sections for the nat Pd(d,x) 103 Ag reaction
The radionuclide 103 Ag has a ground-state (T1/2 = 65.7 min), and a short-lived excited isomeric state 103m Ag (T1/2 = 5.7 s) that decays by internal transition (100 %) to 103g Ag. We could measure only the cumulative production of 103g Ag (i.e. m+). The new versions of TENDL describe the experimental data within about 10 % (Fig. 6 ). (Fig. 8) . The theoretical descriptions of the TENDL libraries are in fair agreement but far from satisfactory in the low energy region.
2 Production of palladium radioisotopes
Cross-sections for the nat Pd(d,x) 101 Pd reaction
The 101 Pd (T1/2 = 8.47 h) radionuclide is produced directly and through decay of 101g Ag (T1/2 = 11.1 min, EC(100 %)) including 101m Ag (T1/2 = 3.1 s, IT 100 %). The measured production crosssections of 101 Pd are cumulative, obtained from the spectra measured after ''complete'' decay of 101 Ag (Fig. 9) . Cross-sections were deduced from spectra measured after total decay of the 100 Ag, hence the crosssections are cumulative. The experimental data are discrepant below about 35 MeV, and the theoretical descriptions of the presently measured cross sections show also discrepancy (Fig. 10) although the shape of energy dependence is similar. Rh by (Ditrói et al., 2012 Rh (Figs. 14 and 15). For both cases, the EMPIRE-D shows marked difference from the present data while the ALICE-D is in faire agreement both in shape and magnitude.
Cross-sections for the nat Pd(d,x) 100 Rh reaction
The radionuclide 100 Rh has a short-lived (T1/2 = 4.6 min) isomeric state decaying with IT (98.3 %) to the long-lived ground-state (T1/2 = 20.8 h, decays by EC (100%)). Our new values are cumulative as they were measured after complete decay of the isomeric state. On the other hand, as they were obtained relatively shortly after EOB and with short measuring time, the contribution from decay of the longer-lived 100 Pd (T1/2 = 3.63 d, decay by EC (100 %), see section 2.4.4) to the measured 100 Rh activity is not significant (Fig. 16) 
Integral yields
From excitation functions obtained by spline fit to our experimental cross-section data, integral physical yields (Bonardi, 1987) were calculated and shown in Figs. 21 and 22 as a function of the energy. No earlier experimental data were found from other authors.
Production routes for applications
109 Ag(n,). It can be produced n.c.a. (no-carrier added) via 110 Pd(p,n) and 110 Pd(d,2n) reaction.
When using the deuteron route 111 Ag is produced simultaneously via (d,n) reaction, but it will not disturb the above mentioned tracing applications in practice. The (d,2n) route requires a higher energy cyclotron, because the maximum of (d,2n) reaction is shifted about 6 MeV to higher energies compared to the (p,n) reaction although the maximum cross-section is higher . In the heavier mass region using (d,2n) instead of (p,n) reactions results in higher production yields. 
